1. Introduction {#sec0005}
===============

The use of medicinal plants to treat various pathologies dates back to the time \[[@bib0005], [@bib0010], [@bib0015]\]. They are an important part of our daily lives \[[@bib0005]\]. The reasons for the usage of plants are natural, traditional, cultural, economic and other reasons \[[@bib0020], [@bib0025], [@bib0030], [@bib0035]\]. According to the World Health Organization (WHO), up to 80 % of the world\'s population uses medicinal plants for their health care \[[@bib0005],[@bib0030],[@bib0040]\]. The effectiveness, availability, cost and minimization of side effects would contribute to this situation \[[@bib0020],[@bib0035],[@bib0045]\]. Medicinal plants can play an important role in drug discovery and their studies are logical search strategies in the discovery of new drugs \[[@bib0010],[@bib0050]\]. Several studies have reported the efficacy of medicinal plants in treating various diseases \[[@bib0020],[@bib0040],[@bib0050],[@bib0055]\]. Toxicological study strategy prevailed in the 19th and 20th centuries but it is thought that toxicity is no longer a criterion of choice in ethnopharmalogical approach because the orientation is brought to consumers by traditional use based on secular knowledge in selecting interesting species \[[@bib0010]\]. In this perspectives, the search for toxicity is considered not essential in the first intention because the great majority of the experienced plant extracts are not toxic \[[@bib0010]\]. Lack of evidence-based approaches such as the legal and regulatory framework, pharmacovigilance, non-standardization and lack of toxicological profiling of herbal preparations form the biggest concern of medicinal plants use \[[@bib0005],[@bib0010]\]. Plants synthesize a variety of metabolites that form complex compounds that may be beneficial or harmful to humans \[[@bib0050],[@bib0055]\]. However, despite the therapeutic benefits of plants, some constituents of a few medicinal plants have been shown to be potentially toxic, carcinogenic and teratogenic \[[@bib0005],[@bib0040],[@bib0050]\]. The general perception is that natural products of plant origin are non-toxic and without side effects is proven false in some cases \[[@bib0010],[@bib0045],[@bib0050]\]. Investigations carried out on more than 1,500,000 plants, show that most of these plants contain toxic substances \[[@bib0025]\]. In addition, it is known that the consumption of medicinal plants without evaluating their efficacy and safety may lead to unexpected or toxic effects that may affect the physiology of different organs \[[@bib0050],[@bib0060]\]. In our recent research, we demonstrated that hydroalcoholic extract of *Combretum micranthum* \[CM\] exhibited good antioxidant and nephroprotective potentials in in-vivo, ex-vivo and in-vitro HEK-293 (Human embryonic kidney) cell line experiments \[[@bib0065]\] and nephroprotective activity in cisplatin induced nephrotoxicity in rats \[[@bib0070]\]. To validate the nephroprotective phytomedicine, toxicological studies are necessary. Conventionally, in the presence of an unknown substance the first step in the search for a pharmacological activity begins with the study of toxicity and in particular by the evaluation of the lethal dose 50 (LD~50~) \[[@bib0075]\]. Toxicity study is, moreover, an excellent criterion for guiding the search for pharmacological activity \[[@bib0040],[@bib0075]\]. \"Everything is poison, nothing is poison, only the dose counts\". This famous idea of Paracelsus leads to be careful with the drug. The border between drug and toxic is vague, it is often a question of dose \[[@bib0080]\]. Despite the widespread use of *Combretum micranthum* in traditional medicine, there is a lack of experimental data on its possible toxicity. In addition, nephrology enthusiasts criticize several medical specialties for causing kidney damage. To avoid this situation and to ensure the safety of *Combretum micranthum*, the present study aims to search for *Combretum micranthum* safety data focusing on acute toxicity and 28-day subchronic toxicity of hydroethanolic extract of *Combretum micranthum* leaves administered orally in male and female Wistar rats.

2. Material and methods {#sec0010}
=======================

2.1. Material {#sec0015}
-------------

### 2.1.1. Chemicals and reagents {#sec0020}

Commercial reagent kits for determination of creatinine (CRE), urea (UR), glucose (Glu), total protein (TP), albumin (Alb), calcium (Ca^2+^), phosphorus (P), triglycerides (TG), total cholesterol (TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) and gamma glutamyl transferase (γGT) activities were purchased from Biolabo S.A. (Paris, France). All other chemicals and reagents used were of the highest quality analytical obtained from commercial sources.

### 2.1.2. Plant material {#sec0025}

Fresh leaves of *Combretum micranthum* (CM) were collected in December 2016 from Alibi I, a locality at North West of Tchamba (Togo). Botanical authentication was confirmed at the Laboratory of Botany and Vegetable Ecology, Faculty of Science, University of Lomé, Togo and the voucher specimen was deposited at the herbarium (N° TOGO151085). The leaves were washed, dried under shade and were coarsely powdered.

### 2.1.3. Animals {#sec0030}

Albino Wistar rats of either sex of 6-8 weeks weighing 200---8 weeks weighing 200−250 g were procured from Nigerian Institute of Medical Research, Lagos, Nigeria. Animals were housed in standard cages and maintained under standard laboratory conditions. Experimental protocols adopted were based on World Health Organization Guidelines for care and use of laboratory animals. The experimental usage of the animals was approved by the Ethics Committee of the University of Lomé, a branch of the National Ethics Committee for control and supervision of experiments on animals (N° SBM/UL/14/NS0004). They were acclimatized for two weeks before the experiments and fed with normal pellet diet and water ad libitum.

2.2. Methods {#sec0035}
------------

### 2.2.1. Extraction {#sec0040}

The powder (830 g) was macerated at room temperature with 5 L of ethanol-water (8:2 v/v) for 72 h. The filtrate was evaporated under vacuum at 45 °C by a rotary evaporator (Rotavapor Buchi R100) \[[@bib0065],[@bib0070]\]. The yield of hydroalcoholic extract of *Combretum micranthum* (CM) was 12.15 %.

### 2.2.2. Acute toxicity {#sec0045}

Healthy male and female Wistar rats were used in this study according to the instructions of the Organization for Economic Cooperation and Development (OECD) for acute oral toxicity tests \[[@bib0085],[@bib0090]\]. All animals were fasted overnight, but with free access to water and weighed before administration of the extract. The animals were randomly divided into two groups according to their sex (n = 10; 5 males and 5 females per group). **Group 1** (Control) received distilled water orally; **Group 2** (Acute toxicity) received a limit dose of the CM extract of 5 g/kg.

The animals are then observed for mortality, signs of acute toxicity and behavioural changes (aggression, unusual vocalisation, agitation, sedation and somnolence, convulsions, tremors, ataxia, catatonia, paralysis, fasciculation, prostration and unusual locomotion and asphyxia) for the first thirty minutes and the first hour, then every hour for 5 h and finally periodically up to 48 h. All experimental animals were individually observed daily for general behaviour and body weight changes, dangerous symptoms and mortality for 14 days after treatment. The LD~50~ should be greater than 5 g/kg if three or more rats survived. At the end of the experimental period, all animals were weighed and sacrificed by cervical dislocation, and the organs were removed for necropsy.

### 2.2.3. 28-day subchronic toxicity {#sec0050}

The experiment was conducted according to the protocols described by OECD Guideline 407 \[[@bib0095]\] and Agyigra, Ejiofor and Magaji \[[@bib0100]\], Lee, Kim, Kim, Shin, Lee, Cho, Lee and Lee \[[@bib0105]\], Atsamo, Nguelefack, Datte and Kamanyi \[[@bib0110]\] and Tchoumtchoua, Mouchili, Ateba, Zingue, Halabalaki, Mbanya, Skaltsounis and Njamen \[[@bib0090]\] previous studies with minor modiﬁcations. A total of 30 rats of both sexes were used in this study. The rats were divided into three groups of 10 (n = 10; 5 males and 5 females per group) and their weights were recorded. Prior to treatment, rats were handled individually and carefully examined for abnormal behaviour and appearance. The CM extract dissolved in distilled water, was administered orally once a day for 28 consecutive days. **Group1** (Control rats) received distilled water; **Group 2** (CM 500 mg/kg) received extract at a dose of 500 mg/kg; **Group 3** (CM1000 mg/kg) received the extract at a dose of 1000 mg/kg.

The animals were observed daily during the experimental period for mortality or morbidity, changes in posture, changes in the fur of the skin, eyes, mucous membranes and behaviours. At the end of the 28 days of administration, the animals were fasted overnight, but had free access to the water. On 29th day, they were anesthetized with ether and blood samples were taken by retro-orbital puncture using capillary tubes for hematological and biochemical studies. After blood collection, the rats were sacrificed by cervical dislocation. Organs such as liver, kidneys, sex organs (testes, seminal vesicles and epididymis in male rats, ovaries and uterus for female rats), brain, spleen, lungs and heart were collected, washed immediately in NaCl (0.9 %), weighed individually and examined macroscopically. The organs removed were weighed and the relative weight of the organs was calculated.

#### 2.2.3.1. Hematological and biochemical analyzes {#sec0055}

Blood samples taken in EDTA tubes were used for hematological treatment using an automated hematology analyzer (ABX Pentra XL 80, France). The differential count of leukocytes was performed with light microscopy (Optika, Italy) after haematological staining (fixation with May Grunewald and staining with Giemsa stain (Atom Scientific, UK). In each case, 100 cells were counted. Blood samples taken in anticoagulant-free tubes were used for biochemical analysis and were centrifuged at 3000 rpm for 10 min. The sera were separated, stored at -20 °C and used for evaluation. Biochemical parameters were estimated using URIT 8021A automated analyzer (URIT Medical Electronic Group Co., Ltd.).

#### 2.2.3.2. Histological examination {#sec0060}

Tissue samples from kidney, liver, lung, brain, heart, spleen, gastrointestinal tract, pancreas, ovaries and testes were collected and fixed in 10 % phosphate-buffered formalin (pH 7.0) for 24 h, routinely processed, embedded in paraffin wax, cut into 2--3 μm (μm) sections and stained with hematoxylin and eosin (H&E). The photomicrographs were taken using an Olympus SP 350 digital camera and Stream Basic imaging software (Olympus Corporation, Tokyo, Japan) \[[@bib0070]\].

### 2.2.4. Statistical analyses {#sec0065}

All the values are expressed as mean ± SEM (n = 5). Statistical analysis was performed in Graph Pad Prism 7 software (San Diego, CA, USA) using One-way analysis of variance (ANOVA) followed by Tukey's test as a post hoc analysis. The value of p \< 0.05 was considered to be statistically signiﬁcant.

3. Results {#sec0070}
==========

3.1. Acute toxicity {#sec0075}
-------------------

Oral administration of CM extract at a dose of 5000 mg/kg resulted in no mortality or clinical signs of acute toxicity in rats as observed for a short period of 48 h and a prolonged period of 14 days. The 10 rats (5 males and 5 females) survived until the end of the observation period. No abnormalities were found in the organs at autopsy. The body weight did not change during the 14 days period ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Effect of *Combretum micranthum* (CM) extract on body weight changes in females \[A\] and males \[B\] in acute toxicity in rats. Data are expressed as Mean ± SEM (n = 5). One-way ANOVA followed by Tukey\'s multiple comparisons test.Fig. 1

3.2. Subchronic (28 days) toxicity {#sec0080}
----------------------------------

Daily oral administration of the CM extract at doses of 500 mg/kg and 1000 mg/kg for 28 consecutive days did not result in any significant change in the overall behaviour of treated rats compared to controls. Control rats and treated rats appeared uniformly healthy and no lethality was observed throughout the 28-day treatment period. No differences in food and water consumption were observed between groups of rats. Similarly, no significant differences in body weight gain or relative organ weight were observed between control and treated groups ([Fig. 2](#fig0010){ref-type="fig"}). Macroscopic observations of treated animal organs showed no significant changes in colour and texture between the control and treated groups. Similarly, subchronic oral administration of the extract did not result in significant changes in the hematological parameters of male and female rats ([Table 1](#tbl0005){ref-type="table"}). However, platelet count increased (P \< 0.001) in the female treated rats. The extract did not cause significant changes in hepatic enzymes (AST, ALT, PAL and γGT), serum glucose (Glu), calcium (Ca^2+^), phosphorus (P), triglycerides (TG), total cholesterol (TC), total protein (TP), albumin (Alb), creatinine (CRE) and urea (UR) in male and female rats ([Table 2](#tbl0010){ref-type="table"}). Microscopically, no histological changes were identified in the evaluated organs (Liver, Heart and Lungs) from all the groups ([Fig. 3](#fig0015){ref-type="fig"}).Fig. 2Effect of *Combretum micranthum* (CM) extract on body weight of females \[A\] & males \[A\] and relative weight of organ of on females \[C\] & males \[D\] in subchronic toxicity in rats. Data are expressed as Mean ± SEM (n = 5). One-way ANOVA followed by Tukey\'s multiple comparisons test.Fig. 2Table 1Effect of CM on hematological parameters.Table 1Female ratsParametersControlCM 500 mg/KgCM 1000 mg/KgWBC (10^3^ cells/μL)13.93 ± 3.2010.23 ± 1.0313.96 ± 3.27RBC (10^6^ cells/μL)7.14 ± 0.236.56 ± 0.356.61 ± 0.12HGB (g/dL)15.06 ± 0.4912.8 ± 0.3512.6 ± 0.47HCT (%)44.5 ± 1.9841.66 ± 0.8137.93 ± 1.37MCV (fL)62.33 ± 1.9863.96 ± 4.7557.33 ± 1.27MCH (pg)21.13 ± 0.7519.43 ± 0.5119.03 ± 0.48MCHC (g/dL)33.9 ± 0.6630.46 ± 1.7333.23 ± 0.06PLT (10^3^ cells/μL)814.66 ± 31.85877 ± 97.071164.66 ± 175.23**\*\*\***RDW-CV (fL)31.76 ± 1.3042.9 ± 10.5833.4 ± 2.23PDW (fL)12.26 ± 0.4317.7 ± 3.8515.86 ± 2.22MPV (fL)10.26 ± 0.0810.26 ± 0.6010.53 ± 0.26P-LCR (%)8.36 ± 0.068.03 ± 0.298.2 ± 0.2PNN (%)13.83 ± 0.5812.73 ± 1.6613.53 ± 1.23PNE (%)17.66 ± 7.1725.66 ± 6.1732 ± 10.44PNB (%)3.66 ± 1.763.66 ± 1.452 ± 1.52LYM (%)0.33 ± 0.330.6 ± 0.661 ± 0.57MON (%)77 ± 8.5067 ± 661 ± 8.71Male ratsParametersControlCM 500 mg/KgCM 1000 mg/KgWBC (10^3^ cells/μL)13.13 ± 1.6110.76 ± 0.3112.3 ± 2.67RBC (10^6^ cells/μL)8.39 ± 0.238.05 ± 0.408.59 ± 0.13HGB (g/dL)14.93 ± 0.3214.16 ± 0.2415.03 ± 0.27HCT (%)47.73 ± 0.7745.6 ± 0.6548.4 ± 0.75MCV (fL)56.96 ± 1.1556.8 ± 2.0056.2 ± 0.91MCH (pg)17.8 ± 0.3017.66 ± 0.7517.5 ± 0.40MCHC (g/dL)31.3 ± 0.1731.06 ± 0.3831.03 ± 0.18PLT (10^3^ cells/μL)754.33 ± 75.64794 ± 45.40801.66 ± 89.27RDW-CV (fL)34.16 ± 0.6636.53 ± 0.2335.23 ± 0.98PDW (fL)16.86 ± 0.7718.46 ± 1.5818.3 ± 0.17MPV (fL)11.9 ± 0.1510.56 ± 0.2311.2 ± 0.62P-LCR (%)8.86 ± 0.188.36 ± 0.148.46 ± 0.21PNN (%)18.43 ± 1.4114.03 ± 0.9515.23 ± 1.81PNE (%)36.66 ± 4.0524 ± 3.5118.66 ± 0.88PNB (%)3.66 ± 0.880.33 ± 0.333.66 ± 0.88LYM (%)0.66 ± 0.331 ± 0.572 ± 1.15MON (%)58 ± 2.8872 ± 3.6069.66 ± 1.45[^1]Table 2Effect of CM on serum biochemical parameters.Table 2Females ratsParametersControlCM 500 mg/KgCM 1000 mg/KgALT (U/l)42.50 ± 3.5234.07 ± 2.9839.86 ± 6.03AST (U/l)181.53 ± 15.09183.73 ± 14.58175.70 ± 25.76ALP (U/l)130.23 ± 20.66137.30 ± 15.49138.43 ± 17.73γGT (UI/L)2.98 ± 0.062.80 ± 0.283.48 ± 0.16Glu (mg/dL)85.33 ± 4.1880.67 ± 2.3388.33 ± 5.78TP (g/L)71.83 ± 3.4366.40 ± 2.1569.87 ± 3.49Alb (g/L)44.37 ± 7.3344.97 ± 1.4331.78 ± 2.33TC (g/L)1.70 ± 0.061.32 ± 0.141.42 ± 0.18TG (g/L)1.83 ± 0.181.50 ± 0.181.76 ± 0.11Ca^2+^(mg/L)102.00 ± 5.20104.20 ± 1.20113.70 ± 5.41P (mg/L)47.20 ± 2.3736.83 ± 4.2046.60 ± 1.50CRE (mg/dL)0.93 ± 0.020.90 ± 0.051.00 ± 0.01UR (mg/dL)53.69 ± 2.2252.52 ± 3.2149.40 ± 5.21Males ratsParametersControlCM 500 mg/KgCM 1000 mg/KgALT (U/l)73.42 ± 5.2051.61 ± 2.7549.92 ± 2.97AST (U/l)277.60 ± 14.35181.80 ± 4.99224.63 ± 28.88ALP (U/l)350.03 ± 84.75451.83 ± 75.41330.97 ± 66.89γGT (UI/L)1.62 ± 0.231.67 ± 0.061.59 ± 0.25Glu (mg/dL)72.33 ± 0.6781.00 ± 5.5783.67 ± 1.33TP (g/L)64.93 ± 3.5561.30 ± 4.1064.37 ± 0.85Alb (g/L)42.81 ± 1.3037.79 ± 2.4140.70 ± 1.94TC (g/L)1.88 ± 0.171.45 ± 0.101.74 ± 0.06TG (g/L)1.93 ± 0.091.64 ± 0.071.66 ± 0.22Ca^2+^(mg/L)96.00 ± 13.3092.20 ± 4.92118.73 ± 8.72P (mg/L)40.37 ± 1.8245.90 ± 3.3548.00 ± 4.70CRE (mg/dL)0.83 ± 0.120.91 ± 0.110.86 ± 0.04UR (mg/dL)58.06 ± 7.1550.03 ± 4.0655.10 ± 6.13[^2]Fig. 3Histological findings in normal **control** (A-liver, B-heart, C-lung), **CM (500 mg/kg)** \[D -liver, E-heart, F-lung\] and **CM (1000 mg/kg)** \[G -liver, H-heart, I-lung\] groups. Hematoxylin and eosin (H&E) stain.Fig. 3

4. Discussion {#sec0085}
=============

Traditional and complementary medicine has been used for centuries. In addition, its popularity and widespread use make it an evidence-based medicine \[[@bib0005],[@bib0115]\]. Lack of regulation and factual approach are common and negatively impact. This may be due to the lack of scientific research data and adequate research methodology to evaluate drugs \[[@bib0005],[@bib0120]\]. Thus, several herbs and their preparations have been identified for toxicity worldwide \[[@bib0125], [@bib0130], [@bib0135]\]. The Food and Drug Administration has issued warnings regarding the potential toxic effects of many herbal remedies and/or herbal preparations commonly consumed \[[@bib0005],[@bib0130]\]. The toxicological risks of medicinal plants used in different parts of the world have been documented \[[@bib0075]\]. Safety tests are needed to popularize the acceptance, standardization and or regulation of the market for herbal medicines currently on sale \[[@bib0005],[@bib0030]\]. Prior to any pharmacological validation and the development of a phytomedicine of any medicinal plant, acute and subacute toxicity is mandatory according to standard guidelines \[[@bib0075],[@bib0140]\]. It is also a necessary process for preclinical dose determination in drug discovery and development \[[@bib0075],[@bib0145]\]. Thus, toxicity provides accurate information on potentially relevant adverse effects for the substance being evaluated \[[@bib0150]\]. Thus, in recent times, scientists have examined the safety and efficacy potential in traditional medicine in order to provide data that meet the criteria required to support its worldwide use \[[@bib0005],[@bib0050],[@bib0155]\]. CM is a medicinal plant traditionally used in the treatment and management of several diseases, but no scientific report is available to date on its safety. From a pharmacological point of view, this plant belongs to the group of those used as antioxidant, cicatrizing, antimicrobial, anti-inflammatory, antidiabetic, hypotensive and other treatments \[[@bib0065]\]. In our previous work, we proved nephroprotective potential of CM in three models of nephropathies such as diabetes, hypertension and cisplatin induced in-vitro and in-vivo experiments. The medicinal properties of the plant are due to the presence of alkaloids, flavonoids, phenolics, tannins and other phytoconstituents \[[@bib0065]\]. Several reports have shown that these secondary plant metabolites exert a variety of biological effects \[[@bib0075],[@bib0160]\] and are not as free of toxic effects as any substances \[[@bib0165]\]. In the present study, Wistar rats were used to evaluate the safety of the CM extract with estimates of physical signs, biochemical, hematological and histopathological vital organs in both acute and subchronic toxicity studies. In the acute toxicological study, a single dose treatment of 5000 mg/kg of CM showed no mortality, no clinical signs indicating elevation or decrease in temperature, change of skin colour, change in eye colour, general appearance, diarrhea or sedation. The LD~50~ of the extract is therefore greater than 5000 mg/kg. The subchronic toxicity study evaluated for 28 days with two doses of 500 and 1000 mg/kg/day was conducted. No toxicity or mortality was observed in the treated groups. After 28 days of oral administration of CM, food and water consumption was not affected. It indicates that the extract had no effect on appetite or adverse effects on the growth of the animals. The results revealed a significant increase in platelet count in female rats at a dose of 1000 mg/kg of CM as compared to normal control group. These results suggest that CM at the highest tested dose can induced thrombocytopenia in female rats by increasing platelets production \[[@bib0005],[@bib0090]\]. Hence, this significant change in platelets noted in the female rats was considered as physiological variation, as they were within the normal range and were considered to be incidental due to the lack of dose-dependency, they are generally slightly more sensitive \[[@bib0170]\]. Our therapeutic doses used were 200 mg/kg and 400 mg/kg \[[@bib0070]\] which are less than 500 mg/kg and 1000 mg/kg. Hepatic and renal function are crucial, with one being used for the metabolism of ingestion and the other for excretion of the waste product respectively \[[@bib0015],[@bib0075]\]. To evaluate the toxicity of any new compound, it is essential to know the state of these two vital organs, which can be verified by biochemical estimation \[[@bib0015]\]. Renal and hepatic biomarkers showed that the extract is not toxic at the doses studied. In male and female rats, CM at all the doses administered did not alter the levels of total protein and albumin. Similarly, serum lipid parameters have not changed in animals. The CM extract was subjected to Infrared analysis in order to detect within it the presence or absence of toxic compounds \[[@bib0065]\]. The FT-IR spectrum showed that there is no absorbance in the 2220−2260 cm^−1^ band, indicating the absence of cyanide groups in the extract. This result suggests that the CM extract may not contain toxic substances \[[@bib0175]\], which would partly explain its safety.

5. Conclusion {#sec0090}
=============

The oral dose up to 5000 mg/kg hydroalcoholic extract of CM leaves showed no evidence of toxicity or treatment-related mortality in animals. Repeated doses of CM up to 1000 mg/kg for 28 days showed no significant change in food and water intake. Hematology, serum biochemical analysis and histopathology at the cellular level also showed no marked effects. The risk /benefit ratio evaluated in this study is in favour of usage of this traditional medicinal plant. Thus, CM extract can be used for its proven nephroprotective effects because the therapeutic doses used are far from the LD~50~ and toxic doses. The toxic effect on fertility, mutagenicity, teratogenicity and carcinogenic potential may be realized in the future.
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[^1]: Effect of CM extract on serum biochemical parameters in subchronic toxicity in rats. Data are expressed as Mean ± SEM (n = 5). One-way ANOVA followed by Tukey\'s multiple comparisons test. Compared to control group: \*\*\* P \< 0.001.

[^2]: Effect of CM extract on serum biochemical parameters in subchronic toxicity in rats. Data are expressed as Mean ± SEM (n = 5). One-way ANOVA followed by Tukey\'s multiple comparisons test.
